Six dogs died after accidental ingestion of cottonseed bedding. No clinical signs of illness were observed prior to death. A full diagnostic workup was performed on one of these dogs. At necropsy, the lungs were congested and edematous, and the liver was firm, congested, and had a marked reticular pattern. There was also moderate ascites. Histopathologic examination revealed multifocal myocardial degeneration and necrosis, severe pulmonary edema, and chronic passive congestion of the lungs, heart, liver, and kidneys. Transmission electron microscopy of the myocardium revealed disruption of myofibrils, chromatin condensation, and disrupted and swollen mitochondria. The cottonseed bedding contained 1,600 mg/kg of free gossypol, a concentration considered toxic for monogastric animals. The stomach content revealed the presence of gossypol, thus confirming ingestion of cottonseed. Gossypol poisoning in dogs is extremely rare and has not yet been associated with cottonseed bedding. This first documented case of gossypol poisoning in a dog, caused by the ingestion of cottonseed bedding, demonstrates how specific toxicological analysis is crucial in reaching an accurate diagnosis.
Although dogs are highly susceptible to gossypol poisoning, only 1 documented case of natural poisoning following ingestion of cottonseed meal exists. 15 Most cases of gossypol poisoning have been reported in poultry, 8 swine, 7 cattle, 19 sheep, 13 and goats, 4 as whole cottonseed, cottonseed meal, and hulls are commonly fed to livestock as a source of energy, protein, and fiber. Cottonseed contains gossypol, a polyphenolic pigment, which is found in the endosperm of the seeds and in the stems and roots of the cotton plant. 3 In processed forms of cottonseed, gossypol exists as both free and bound forms. The free form of gossypol is toxic to humans and animals and is the primary form found in recently harvested and properly stored whole cottonseed. Free gossypol exists as a racemic mixture of (ϩ) and (Ϫ) enantiomers. The (Ϫ) isomer exerts most of the antiproliferative, cytotoxic, and antifertility effects. 9 The bound form of gossypol, which results from cottonseed processing when gossypol binds to proteins, is considered nontoxic due to its inability to be absorbed through the gastrointestinal tract, although evidence exists that some dissociation can occur in the intestinal tract. Much of the toxicity of gossypol is attributed to a cumulative effect over several weeks to months, although sudden death has been observed and attributed to alteration of myocardial conduction. 13, 19 Gossypol toxicity can also result in kidney and hepatic damage, protein malnutrition, reduced weight gain, and reproductive defects. 14 Monogastrics and prefunctional ruminants are more susceptible than adult cattle to gossypol. Although research interest in gossypol toxicity in the veterinary field has mainly focused on its potent cardiotoxic 2 and male antifertility effects, 14 gossypol also exhibits promising and potent antican-cer activities. 9 To the knowledge of these authors, this case of fatal gossypol toxicosis in a dog consequent to ingestion of cottonseed bedding is the first case related to cottonseed bedding exposure.
A 4-month-old American Staffordshire Terrier bitch was submitted for postmortem examination to the California Animal Health and Food Safety Laboratory in San Bernardino, California. This was 1 of 6 dogs (out of 40) that died suddenly within a 5-month period. The ages of the dead animals ranged from 4 to 18 months. The dogs received a diet of commercial formula plus rice and raw chicken necks. Bedding consisted of cottonseed and cottonseed hulls. Water was available ad libitum.
A postmortem examination was performed, including a complete cardiac examination and samples of heart, liver, kidney, stomach, small and large intestine, brain, pancreas, and skeletal muscle were collected and fixed by 24 hours immersion in pH 7.4 buffered formalin. Samples of formalin-fixed heart were placed in half-strength Karnovsky fixative and processed for thin-section transmission electron microscopy (TEM). Following aldehyde fixation, tissues were washed in 0.2 M sodium cacodylate, postfixed in 2% osmium tetroxide reduced with 2.5% potassium ferrocyanide, dehydrated in ethanol, and infiltrated and embedded in Spurr epoxy resin formulation. One-micrometer sections were mounted on glass slides, stained with toluidine blue, and observed by light microscopy. Thin sections were cut and mounted on 150-mesh copper grids, stained briefly with 6% methanolic uranyl acetate, poststained in Reynold lead citrate, and observed in a LEO 906E transmission electron microscope at 60 kV accelerating voltage.
The liver and kidney from the dog were analyzed for heavy metals (lead, manganese, cadmium, copper, iron, zinc, molybdenum, arsenic, mercury) by inductively coupled argon plasma emission spectrometry. a,6 Selenium concentration in liver was determined by inductively coupled plasma spectrometry using hydride generation. 18 The concentration of vitamin E (tocopherol) in liver was determined by high- performance liquid chromatography b using fluorescence detection. c, 10, 12 The stomach content and the dog's bedding were analyzed for gossypol. Gossypol analysis of stomach content was performed using a modification of a previously reported procedure. 11 Briefly, 1 g of liquid stomach contents was lyophilized at Ϫ20ЊC for 24 hours, followed by 0ЊC for 24 hours and 20ЊC for 4 hours. Complexing reagent (2 ml), consisting of 2% 2-amino-1-propanol, 10% glacial acetic acid in dimethylformamide was added to the lyophilized stomach content. The mixture was placed in a water bath set at 98ЊC for 40 minutes. After cooling, the mixture was filtered through a 0.45-m syringe filter for high-performance liquid chromatography (HPLC) analysis. A Waters model 2690 HPLC d with a photodiode array detector e set to 254 nm was used for the analyses. The analytical column was a C 18 column f and the injection volume was 50 l. The mobile phase consisted of a mixture of a pH 3, 10 mM potassium phosphate buffer : acetonitrile (27 : 73, v/v), with a flow rate of 1 ml/ minute and was run isocratically. The 2 isomers of gossypol, (ϩ) and (Ϫ), were eluted from the column at 9.2 minutes and 17.1 minutes, respectively. The quantification was based on a standard curve constructed for both (ϩ) and (Ϫ) isomers in the range of 5-50 ng on column. The gossypol concentration in stomach content was the sum of (ϩ) and (Ϫ) enantiomers. The analytical method applied most closely follows the sample preparation method used to determine the total gossypol concentration in ground cottonseed. In addition, there is some research evidence that indicates that some of the bound gossypol may be released as free gossypol during digestion. Thus, the gossypol concentration determined in stomach contents reflects total gossypol.
The analytical standards were used for quantitation. f The detection limit for each of the isomers was 0.5 g/g, based on a signal-to-noise ratio of 10 : 1 in filtered water. Control water and a water sample fortified with each gossypol isomer at 0.5 g/g were prepared and analyzed along with the sample. The cottonseed bedding was analyzed for free and total gossypol g using a previously published spectrophotometric procedure for cottonseed products. 16 Liver and lung were aseptically collected and processed routinely for aerobic and anaerobic bacteriology.
The carcass weighed 14.35 kg, was in a fair to good nutritional condition, and moderately fresh. There was a moderate amount of perirenal and pericardial fat, but no mesenteric fat. The stomach was almost empty except for approximately 1 ml of thick, golden fluid. The mucosae of the stomach and of the small and large intestine were diffusely red. The lungs were congested, edematous, and revealed multiple areas of emphysema. There was a large amount of stable froth in the trachea. The liver was firm, congested, and had a marked reticular pattern. The peritoneal cavity contained 700 ml of clear, amber fluid. No aerobic or anaerobic bacterial pathogens were isolated from the liver or lung of this dog.
Histologically, the heart had multifocal areas of myocardial degeneration and necrosis ( Fig. 1) , including perinuclear vacuolation of myocardial fibers, atrophy, and hyalinization of some fibers, loss of striations, fragmentation, cytoplasmic flocculation, and loss of fibers (Fig. 2) . Some vacuoles contained dispersed, fine eosinophilic granules. Myofibers with large hyperchromatic nuclei were also seen. There was interstitial hemorrhage and edema and mild to moderate subendocardial and interstitial fibrosis. Very mild inflammatory exudate, consisting of a few lymphocytes and a few hemosiderin-loaded macrophages, was seen in connection with the areas of degeneration and necrosis. The changes were more marked in the subendocardial tissues. The mucosa of the stomach and small and large intestine revealed mild to moderate congestion. In the small intestine, mild vacuolation of smooth muscular fibers of the external circular layer was evident. Perivascular fibrosis around hepatic veins and degeneration and necrosis of individual hepatocytes in periacinar areas were seen in the liver together with sinusoidal congestion. The lungs revealed diffuse alveolar edema and many alveolar macrophages with foamy cytoplasm. Electron microscopy of heart sections revealed diffuse inter-and intracellular edema composed of clear fluid. In areas of necrosis, there was disruption and fragmentation of cytoplasmic membranes and myofibrils. The mitochondria and endoplasmic reticulum were swollen (Fig. 3) , and the mitochondria revealed loss of crestae (Fig. 4) . The nuclei were condensed and fragmented.
The stomach content contained 4.9 mg/kg of gossypol. Analysis of the bedding revealed 1,600 mg/kg of free gossypol, with a total gossypol concentration (free plus bound, as determined spectrophotometrically) of 2,800 mg/kg. The well-established spectrophotometric analysis applied for feed could not be used to analyze stomach contents because only 1 g of stomach content was available. The newly developed HPLC method allowed for the determination of both enantiomers of gossypol in the stomach content. This HPLC procedure was a major step to prove ingestion of cottonseed bedding in this dog. Concentrations of lead, manganese, iron, mercury, arsenic, molybdenum, zinc, copper, and cadmium in liver and kidney of the dog were within normal limits. The liver contained 0.798 mg/kg of selenium (wet weight) and 49.7 mg/kg of vitamin E (wet weight); the levels of both components were considered acceptable for dogs.
Diagnosis of gossypol poisoning in dogs is extremely unusual, and to the best of the authors' knowledge, only 1 case report of spontaneous poisoning exists in the literature. 15 Gossypol poisoning in dogs has also been studied experimentally. 19 This is the first documented case of acute mortality in a dog after exposure to cottonseed bedding. Diagnosis of gossypol toxicosis in the previously reported case 15 was based on historical, clinical, and pathological findings, while in the present case, the diagnosis was also supported by the detection of toxic amounts of gossypol in the bedding and evidence of ingestion of cottonseed. It is well known that monogastrics are extremely susceptible to the toxic effects of gossypol. 14 After oral exposure to gossypol, free gossypol is absorbed and gradually accumulates in the body. The cardiotoxic effects result in destruction of the cardiac musculature and interference with the conduction system. 1 This can result in sudden death without prior signs of illness or to clinical signs of weakness, dyspnea, generalized edema, hemoglobinuria, and anorexia. 13 The free gossypol concentration of 1,600 mg/kg in the bedding is considered toxic, extrapolating from toxicity information for swine and preruminant calves, for which concentrations of free gossypol in the diet above 100 mg/kg are considered toxic. 7 Mortality occurs in pigs when free gossypol concentrations exceed 200 mg/kg in the total diet and after prolonged feeding of several weeks. 7 Dogs are considered equally susceptible, and there is also evidence that younger animals are more susceptible to gossypol than older animals. 5 The free gossypol concentration in the bedding of this case was 16 times the concentration of free gossypol (100 mg/kg) considered toxic in the diet. Thus, ingestion of only 1/16th of the daily diet as cottonseed from bedding over a period of days to weeks would have been sufficient to induce toxicity. The daily food intake of this dog was estimated to be approximately 379 g. 17 Therefore, the ingestion of only 23 g of cottonseed bedding (1/16th of 379 g) per day was required to result in toxicosis, an amount that was likely to be ingested.
The clinical presentation, toxicology results, and pathological findings in this dog are consistent with fatal gossypol toxicosis consequent to ingestion of cottonseed bedding. Although only 1 dog was submitted for pathological and toxicological evaluation, it is likely that the other 5 dogs at the breeder's facility died from gossypol poisoning as well. Cottonseed products, such as meal, are a well-recognized threat to functional monogastric animals, including dogs and preruminant calves. This first documented case of gossypol poisoning in dogs following ingestion of cottonseed bedding demonstrates that bedding can also harm dogs as it contains toxic concentrations of free gossypol. Gossypol toxicosis should be included in the list of differential diagnoses of cases involving acute death or myocardial lesions, especially if information about the use of cottonseed is available. Clinical signs and pathological findings may be inconclusive, and therefore, toxicological analysis should be performed. The method described here provided information crucial in the diagnosis of gossypol poisoning in the dog. The procedure is especially suited to veterinary diagnostic laboratory situ-ations for which rapid diagnosis of exposure to gossypol is warranted. 
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